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Winter OBAN Model Description

OBAN Project Objective

To develop a statistical modeling approach to we €entral Valley chinook salmon
species-at-risk (winter-run and spring-run) thabmporates mortality in all phases of
salmon life history, and includes the effects ofemainty in assessing population status,
guiding future research, and making managemensioes.

Substantial resources have been devoted to thegmaremt of water, fisheries, and
habitat in the San Francisco Bay-Sacramento RieftaliDelta) ecosystem. Research
has tended to be focused on the controllable frag#vactors that could affect salmon
run variability (resident chinook salmon runs imtaular), such as flows and diversions,
but there has been less emphasis on other soureasability such as the ocean. The
data collection has tended to occur in disparabg@ohic regions with few attempts at
synthesizing the available information into a cemeframework to account for factors
affecting all of the chinook life history stages.

In response to these needs, R2 Resource Consultants collaboration with the
University of Washington and NOAA Fisheries deved proposal to meet the
following objectives of the 2004 CALFED Proposali&itation Package (PSP):
construct a "Life Cycle Model" of several "Key S, and of necessity it must
account for all "Stresses" on those species, imofutEnvironmental Influences” and the
"Effects of Diversions". It will provide "Predictipand Strategic Assessments for Water
Management and will directly improve effectivene$#lonitoring” by reducing
unexplained variability in populations through diraccounting for the effects of "Ocean
Conditions and Fisheries on Survival" of a salmonid

The OBAN modeling framework has several key obyesti

1. Develop a model structure that is capable of actogifor mortality during all
phases of the Chinook life history.

2. Estimate model coefficients by fitting predictionfsthe population dynamics
model to observed indices of abundance.

3. Evaluate covariates that may explain dynamic vétds (e.g., thermal mortality
reduces alevin survival rates in spawning reaches).

4. Incorporate uncertainty in the estimation of maztefficients by fitting in a
Bayesian framework.
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To meet these objectives, we constructed a conakemiodel for winter run Chinook to
identify life history stages to be modeled, factivat are hypothesized to affect these
stages, and management actions that may affepoindation dynamics. The winter
run model is composed of 9 different life histotgges that are affected by a variety of
environmental and anthropogenic sources (Figure 1).

Spawning

Winter run Chinook spawn between April and Augissiter 1994). Three spawning
areas were identified for inclusion into the modeimely 1) the region above the
Anderson Cottonwood Irrigation District (ACID) direon dam and below Keswick
Dam, 2) the region below ACID and above RBDD anth8)region below RBDD

(Figure 1). Data on the distribution of winter rspawners is available through carcass
surveys that have been conducted since 1996 (Seiiddr1997; Snider et al. 1998;
Snider et al. 1999; Snider et al. 2000; Snidet.€2G01; Snider et al. 2002; USFWS
2007). Age and gender of spawning winter run Cblknare provided by carcass surveys
for fish that spawn above River Mile 275 (CDFG 200 addition, aerial redd surveys
have been conducted that provide an assessmdrd distribution of redds below RBDD
(CDFG 2004). Finally, counts at RBDD have beerdusesstimate the winter run
escapement since 1967; however, since 2001 theabescapement estimates have been
calculated using a Jolly-Seber estimator derivethfthe carcass count data (CDFG
2004). Despite some changes in the operation®88fRthat affect the precision of the
spawner escapement estimates (Botsford and Biliitmd®98), the RBDD counts
provide a continuous time series of winter runneates. Prior to 1987, all returning
spawners passed via a counting ladder at RBDDfydwnt 1987 onwards the gates of the
diversion dam have been opened to enhance upstuwamal of winter run Chinook, but
also likely improved access to areas above RBDBe durrent operation of RBDD
makes counts of winter run Chinook after closing glates on May 15. On average, 15%
of the winter run passed RBDD by May"Hiowever the specific percentage in a given
year was as low as 3% or as high as 48% (Snidsr 2000).

Several factors may have influenced the distrilbuind abundances of winter run
Chinook in the spawning reaches of the Sacrameivir RFirst, changes in the
operations of RBDD prior to 1990, as stated aboay have influenced the passage
rates of winter run and thus affected spawning dbooe above RBDD. Second,
addition of a fish ladder in 2001 improved pasgags ACID, and the distribution of
winter run Chinook appears to be shifting towarachees above ACID (CDFG 2004).
Third, the proportion of hatchery fish contributittgspawner abundance has varied
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among years. Recent estimates of the proportidrathery fish spawning naturally has
ranged from 5.8% in 2003 to 19.5% in 2005 (USFW&720

A management action that is likely to affect winten Chinook spawners is the
carryover storage at Shasta Dam, which can affiectemperature profile of the
spawning regions. Although temperature may be rmopertant for the survival of eggs,
there may also be an effect on adults spawning sfsgy. Other management actions
could include gravel supplementation that alteessibstrate in the spawning reaches
(e.g., Stillwater Sciences 2007). Finally, adaiibhabitat for winter run Chinook
spawning may be available on Battle Creek. Thél@@reek Salmon and Steelhead
restoration project would potentially open 42 midé$abitat for steelhead, spring, and
winter run Chinook (Ward and Kier 1999).

Eggs and Alevins

Eggs are deposited in the gravel between Aprilldag and emerge between July and
October (Fisher 1994). The number of eggs in $ipespawning regions can be
calculated as a function of length fecundity relaships for winter run Chinook (e.g.,
relationships described in Williams 2006), theritisttion of redds among the spawning
regions, and estimates of abundance of the spavpaipglation for a given year.

Factors that were identified as affecting egg saivivere the substrate quality and
thermal mortality. Egg survival may be affecteddoypstrate composition and quality in
the spawning regions. Estimates of the gravelityua¢low Keswick Dam have
provided some indication of the effect of gravgbgiementation that has occurred in the
spawning regions since 1978 (Stillwater Sciencé&¥20In addition, egg survival in the
three spawning regions may be affected by the taleconditions during incubation.
Determining the thermally induced mortality ratquiges developing relationships
between temperature conditions in the spawningrsgand egg survival. There are at
least two sources of information for providing iaitestimates of the relationship
between thermal conditions and egg mortality. tFire thermal mortality rates of winter
run Chinook eggs was studied by USFWS (1999), irchvbggs were incubated at
different temperatures with subsequent observatibnsortality rate. Second, the
thermal mortality for years between 1989 and 1986€evealculated by NMFS

1997).

Management actions that are likely to affect thg stgge are similar to those described
for spawning, namely gravel supplementation ancgptrature management. Because the
temperature profile of water leaving Keswick dam ba managed with hypolimnetic
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releases from Keswick via the temperature contewlak the temperature in the
spawning regions can therefore be modified indepethg of flow.

Rearing above RBDD

Fry emerge from the gravel between July and Oct(fisher 1994). For the purposes of
the model, fry from each of the spawning regionsisime to form a unified population

of rearing winter run Chinook above RBDD. WintanrChinook migrate past RBDD
between August and October as fry (Poytress 2007).

Estimates of the number of winter run fry that pe8OD are calculated from samples of
winter run juveniles in screw traps (e.g., Poytr2887). The juvenile estimates provide
an index of the amount of winter run juvenile protion that occurred in the spawning
reaches. Moreover, for the purposes of the maldeldata provide a source of evaluating
factors that affect the survival rate between spagvand RBDD versus factors that
affect winter run from RBDD to spawning. For thémson, the two data sources (adult
escapement and juvenile estimates at RBDD) wer ms¥iously by Newman and
Lindley (2006) for the construction of a populatidynamics model for winter run
Chinook.

Factors that may affect juvenile rearing above RBBiude Sacramento River flow and
diversions that are used to support rice farminpenUpper Sacramento River.

RBDD to Chipps Island (Lower Sacramento and Delta)

Winter run migrate through the lower SacramenteeRand Delta from October through
May. Generalized estimates of timing based on tyemkentification of winter run
indicated that winter run Chinook are at Knightsitleng during December, Lower
Sacramento River between December and March, athe i@entral Delta from March
through May (approximations from data presenteldadgecock 2002 as cited in
Williams 2006).

Several sources of information could potentiallyused to determine the timing and
relative abundance of winter run Chinook in thedoBacramento and Delta, if
individuals could be more accurately identifiedua type. For example, salvage data
may provide sources of information regarding thang of Chinook into the Delta. The
year type (i.e., wet versus dry) and the amoumixpbrt pumping appears to affect the
number of Chinook entrained at the pumps, howewéiti@ms 2006). In addition, trawl
data from Chipps Island could provide informationtbe run timing, and relative
abundances of winter run Chinook. The trawls ap@hlsland are a particularly
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interesting source of data because the locatiotisedfrawls are at the terminus of the
Delta. Thus, accurate indices of abundance fotawiun Chinook would be helpful in
determining how the production of fry in the spamghregions fared through the lower
Sacramento River and Delta.

Unfortunately, at this point in time the method @tiscerning runs (namely length at date
criteria) may create biases in the data (Williafd86). The biases appear to
overestimate the number of winter run, becauser otims also have similar lengths at a
particular date (Hedgecock 2002 as cited in Wilka2006). Thus, indices of winter run
abundance from Chipps Island trawls may over esértiee size of the outmigrating
population, whereas estimates of mortality at t@nd SWP facilities from salvage
data might overestimate mortality. The level oémstimation appears to vary among
years and may range from 16% to 95%, however (&l 2006). Genetic analyses
from salvage data and Chipps Island trawls arengii@g to determine the proportion of
winter run Chinook in specific length at date carégs and whether the run identification
can be improved.

Several factors were identified in the technicaktimgy that may influence survival in the
juvenile stage between RBDD and Chipps Island:

Delta Cross Channel gate position

Entrainment Risk (e.g., Kimmerer and Nobriga 2008)

Rearing in Yolo and Sutter Bypass

Adult striped bass indices of abundance

The geographical area is similar to the region usédewman and Rice (2002) and
Newman (2003). Although the coefficients estimatethose analyses are not directly
applicable to winter run (for example, the tempamed experienced by winter run
Chinook are below that experienced by fall rungleation of a similar geographical
region provides an opportunity to compare estimafedditional covariates used in the
Newman (2003) analysis that could be included etofa are Sacramento River flow,
export volumes, salinity, turbidity, and tidal inéince.

Chipps Island to Golden Gate (Bays)

The duration of use of the bays downstream of Ghlpland (Suisun Bay, San Pablo
Bay) and the Central Bay by winter run Chinookaigyely unknown. Recent studies by
MacFarlane and Norton (2002) on fall run Chinooggast that there may not be much
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growth during this phase of the migration, and {baéniles may transition relatively
quickly to the Gulf of the Farallones; on averageehile salmon in the study took
approximately 40 days to complete the 68 km trgprfrChipps Island to Golden Gate.
After reaching the Gulf of Farallones, the growdkes of sampled Chinook increased,
and the stomach contents of the sampled juvemil#sei Farallones was composed of fish
larvae, decapod larvae and megalopae, and eupdt&usii

How to apply these inferences, which targetedrtadlin a single year, is difficult. There
is some evidence that larger Chinook may pass gffwrthe estuary quicker than smaller
Chinook (Bottom et al. 2005). Winter run Chinoak &ypically larger than fall run
Chinook after rearing for several months in thedo®acramento and Delta, thus their
use of the Bay may be somewhat abbreviated reltdifal and spring run Chinook.

One factor that may affect survival rates of wintar Chinook is predation by adult
striped bass both in the Delta and in the baysngad the Golden Gate Bridge.

Golden Gate through the Farallones (Near shore Ocean Stage)

The timing of winter run entry into the ocean iswased to be the late spring and early
summer in advance of fall and spring run ChinoGhkven the patterns in estuary versus
nearshore use described by MacFarlane and Nor@@2)2much of the development
after Chipps Island may occur in the nearshore.

Factors affecting the nearshore ocean stage inthedamount of food available for
consumption during this stage. Evidence fromriall Chinook studies (e.g., MacFarlane
et al. 2005) suggested that growth rates duringénky ocean phase between 1997 and
1999 were on the order of 0.5 to 0.8 mih) hereas the estimated growth rate for 1997
in the bays was approximately 0.18 mrh(cFarland and Norton 2002). In addition,
condition factor of juvenile Chinook in the nearshncreased from approximately 1.03
at entry to the ocean to 1.42 and 1.32 in 199&(&ifo year) and 1999 (a la Nifia year),
respectively (MacFarlane et al. 2005). These teswlpport the importance of the
nearshore environment for growth of juvenile Chikoo

Several factors may influence the nearshore se&lgeed to the timing and level of
productivity of the nearshore environment during ldte spring and early summer.
Indices of ocean condition, such as the springssgace temperature (SST) and Pacific
Decadal Oscillation (PDO) index may provide indioas of ocean condition. In
addition, upwelling indices and the seasonal timahgpwelling may be useful for
determining the productivity at the time of oceatrg (e.g., Wells et al. 2007). Direct
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measurements of zooplankton such as krill indi¢ebandance may provide
information on prey availability. In addition, imedct measures of productivity, such as
nesting success of Cassin’s Auklet, may providermation on nearshore productivity
over longer time periods.

Because there are no surveys that target winte€Chimook in this stage, the influence of
the nearshore stage will be evaluated by fittingegiduals of models fitted to RBDD
juvenile indices of abundance (e.g., JPI) and askdapement estimates.

Ocean Stages

The distribution of winter run Chinook sub aduhighe ocean tends to occur from San
Francisco to Monterrey based on CWT data from 183802 of hatchery reared winter
run reared at Livingstone Stone National Fish HatglfWilliams 2006, and data from
the Regional Mark Information System).

Fishing and natural mortality are likely the twoim#actors that will influence the
population dynamics of winter run Chinook in thean. Natural mortality is assumed to
be higher for salmon in their first year of oceansidency, thus model estimates of natural
mortality would be expected to be higher for wimem Chinook in their first year of
ocean residency versus second or third years.ingigffort may be an important
determinant of fishing mortality and efforts to me&te the fishing effort on winter run
may provide an important covariate for explainih@mges in the ocean stage
abundances. Estimates of the ocean harvest rageble@n completed previously (e.g.,
Cramer et al. 2004, Wim Kimmerer, SFSU personalroamication 2005). The
approach was similar in both cases, and estimétesreest rates during periods when
winter run were implanted with CWTs (1969 — 1971 4895 - present) were compared
to the overall index of harvest rates on CentrdleyaChinook Harvest Index. The
relationship developed over those periods was tesagderpolate during periods when a
winter run specific estimate of ocean harvest wae not available. Fish that return to
freshwater may be harvested in a sport fisheryeatichates of in river fishing mortality
can be derived in similar fashion to the ocearefigl{e.g., Cramer 2004; Grover et al.
2004).

Winter run Chinook are too small to be exposedéofishery in their first summer in the
ocean; however, by the second summer in the otegrare within the size limitations
for the ocean fishery and have been captured fdatty. Fishery regulations have been
altered to minimize the amount of winter run hatwesertality; therefore, less
information has been collected on winter run indbean fishery as time has elapsed.
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Most winter run return from the ocean to freshwafféer their second summer in the
ocean (age 3 fish), entering San Francisco Baybey in November. A small
proportion of a winter run Chinook cohort remainghe ocean for a third summer, are
potentially exposed to harvest, and return as dggh4 Estimates of the age composition
are provided by reconstructing the cohort throwgddweation of CWT data from spawner
surveys, fishery returns, and hatchery returns\@ret al. 2004).

OBAN Implementation

The winter run Chinook OBAN model has been develdpem the conceptual life-cycle
model of winter run and coded into Windows basdthare with graphic output
capability. The estimation of model coefficientasrcoded into AD Model Builder,
which is an estimation algorithm designed spediffdar non-linear models (Fournier
2001). The software finds a statistical “best fa"empirical trends by matching model
predictions to empirically observed juvenile andladbundances. The model is capable
of fitting any number of abundance data sourcesestichating any number of
coefficient values to find the best statisticaldic&on.

The model has the flexibility to mimic distinct spaing populations that merge into a
common freshwater population that subsequentlyategrto the ocean. Once in the
ocean, the population either returns to spawn &) tmo or three years. The model
predicts the abundance of juveniles at 6 stagéesii water life history and 3 stages of
ocean life history. The first two stages of freshtev dynamics (spawning and alevin)
occur as three distinct populations (above RedfBliwversion dam (RBDD), Acid to
RBDD and below RBDD). At the end of the second stdige populations merge into a
single population below RBDD and migrate to theawcas a unit through the fry, delta,
bay and gulf stages. Prior to merging, each pojuas subject to demographic rates and
environmental conditions which can be assumed wigignct or common to all
populations. After merging, all demographic raaed environmental conditions are
common in each stage but distinct among stages.niddel is being fit to spawning
estimates from 1967 to 2005 and juvenile produatioiices at Red Bluff Diversion Dam
from 1995 to 2006.

The transition between life history stages occuthk & Beverton-Holt recruitment
function:
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whereN;is the abundance at stagéor stocki, pi;is the productivity in the absence of
density dependence for spawning stoek stagej, K;; is the capacity at stodlat stage

j. The two parameters of the Beverton-Holt traosiequation arp;; andK;;, and they
can be user defined constants, estimated paranfixenisacross all years, or dynamic,
i.e.,pij:andK;;: can be modeled as changing in each ye&lote that density
dependence can be effectively removed from the dtation by settind<;; to a very
large value.

In the case of dynamic productivity; () and capacityK; ), parameter values, the
values of the productivities and capacities invegiyear are modeled from a set of time-
varying covariates. By using this formulation, @an evaluate the influence of
anthropogenic and environmental factors on spelififidistory stages. Each
productivity parameter can be influenced by upe independent covariates acting
simultaneously on the life history stage to drieembgraphic rates. Thgare
environmental variables that represent water canditsuch as temperature or flow,
biotic factors such as predator abundance, foodddnce, or anthropogenic factors such
as water export levels or harvest rates.

The dynamic productivities used a logit () transfation, which caused the

productivities to remain between 0 and 1. Thisenvel is the sample space for the
survival for all stages from alevin to spawner.

10git(p; ) = Bojj + Buij Xuiy + Boij Xoip ot Bei j Xy,

D = eXp(ﬂo,i,j +:51_i,jxj_i,t +182,i,jx2,i,t +---+:55,i,jx5,i,t)
v 1+9Xp(ﬂo,i,j +ﬂ],i,jx],i,t +182,i,jx2,i,t +"'+ﬂ5,i,jx5,i,t)

The dynamic capacities used a log() transformatidnich caused the capacities to
remain between 0 and infinity. This interval ie ftample space for the abundance for all
stages from alevin to spawner.
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In(Ki,j,t) zﬁo,i,j +18Li,jxl,i,t +ﬁ2,i,jx2,i,t +"'+185,i,jx5,i,t

The estimation ofi;; andK;;involves estimating thg parameters. If no environmental
effect is being estimated, onfy is estimated and the remainifig are set to zero. If;;
andK;; are not estimated, but rather set as constamtsfghis selected such thabr K
equates to the desired rate, if.= In (p/ (19) ) orfo = In(K).

The model has the ability to estimate as few anasy of the parameters as desired. We
used Akaike’s Information Criterion for small samgizes (AlG, Burnham and
Anderson 2002) to evaluate the utility of addingliidnal parameters. Estimating a fixed
rate involves one additional paramei&y) @nd estimating relationships to a covariate
involves adding # parameter for each additional covariate.

The process has been implemented with a Graphicloseface (GUI) that provides
ease of access to model customization. The nuzd#iboard provides a method to
define a specific model by indicating whether thpaxity or productivity in a particular
stage will be estimated as a fixed rate or as etifm of covariates. The predicted
population dynamics are displayed on the main Glhfafter fitting the specified model
form (Figure 2). Furthermore, the GUI also allolws tiser to manipulate which
parameters are being estimated and to associatevaeates with the propgr
parameter. A windows form is used to toggle estiomaaind file locations as well as to
view the values of’s as they are estimated (Figure 3).

The winter run OBAN model has been constructed si@husers can evaluate
hypotheses about factors affecting the winter mpupation dynamics. In its present
state, the model can estimate the influence oMr@mmental covariates for each
spawning reach and stage. Currently, there arerakesovariate files that have been
constructed to explain the winter run populationayics based on the winter run
conceptual model: potential for thermal mortatityring the summer (NMFS 1997),
minimum flow past RBDD between August and Decenibéine brood year, exports
between January and March of the brood year, uh#er of days that the Yolo bypass
had flows greater than 2000 cfs (the capacity efttle drain), an estimate of striped bass
adult abundance from catch per fishing vessel os;dhe Pacific Decadal Oscillation
(PDO) index, and the Central Valley Harvest Indethie returning year. All of these
covariates have been standardized to have a meamménd a standard deviation of one.

The model can also be used to evaluate covariatestnew hypotheses. Provided the
user can construct a time series of the covariatgerest from 1967 to 2004 and
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standardize it, the user can incorporate the nexarcate as a predictor of either

productivity or capacity (e.g., Figure 3) and rae thodel and evaluate the improvement
in fit due to adding the covariate (e.g., Figure 2)
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Figure 1. Winter run Chinook conceptual model iatlitg spatio-temporal partitioning of life histastages, data for specific life history stages,
possible environmental and anthropogenic drivetssibrical trends in abundance, and potential mament actions that would affect recovery.
Orange lines indicate transition of individualsaingh the stages, whereas blue lines indicate faeféecting abundance. The weight of lines are
altered for alternating stages to improve visuéliraof the linkages from data, drivers, and acitmlife history stages.
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u. Winter OBAN
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Figure 2. Graphical User Interface (GUI) of win@BAN model. The GUI provides the ability
to change the model structure by identifying whethe coefficients of specific life history
stages will be constant (“c”), estimated (“e”),aofunction of covariates (“1”, ..”5"). The GUI
also provides a plot of the model fit to the adiitapement data (model predictions [lines],
escapement data [black points], assumed age stectlored points]), estimates of the
coefficient values, and the negative log likelih@diLL) between model predictions and
observed escapement.
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. Productivity

Rearing Stages

Beta 0 |Beta 1 |Beta 2 | Beta 3 | Beta 4 | Beta 5
Fry 11.dat RBflows.dat | RBflow. dat 00.dat 00.dat 00.dat
Delta 11.dat exports50.d 00.dat 00.dat 00.dat 00.dat
Bay 11.dat| stripedbazsa 00.dat 00.dat 00.dat 00.dat
Gulf 11.dat 00.dat 00.dat 00.dat 00.dat 00.dat

Ocean Stages

Beta 0 |Beta 1 |Beta 2 | Beta 3 | Beta 4 | Beta 5
Oceat 1 11.dat 00.dat 00.dat 00.dat 00.dat 00.dat
Ocean 2 o, dat: 00.dat 00.dat 00.dat 00.dat
Ocean 3 11.dat 00.dat 00.dat 00.dat 00.dat 00.dat

Migration Rates

Beta 0 |Beta 1 |Beta 2 | Beta 3 | Beta 4 | Beta 5
Ocean 1 11.dat 00.dat 00.dat 00.dat 00.dat 00.dat
Ocean 2 11.dat 00.dat 00.dat 00.dat 00.dat 00.dat
Ocean 3 11.dat 00.dat 00.dat 00.dat 00.dat 00.dat
Selection
" Phazes " Coefficients (+ Covariate File

Figure 3. Graphical User Interface (GUI) of win@BAN showing the interface that allows the
user to set the model structure by changing whetheificients are estimated (Phases), allows
the user to define the covariate file (Covariate)fFand allows the user to view the coefficient
estimates (Coefficients).
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